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Monitoring plan Summary for Determining Trends
tn

Watershed Condition and populations
of

Resident Dolly varden char, Resident cutthroat rrout and coho salmon
on the

Tongass Nafional Forest

May t0,20t2

Introduction:

Dolly varden char, cuuhroat trout and coho salmon have been identified in the 1997 ToneassL*{ T9 Resource Managemenr Forest plan as Management Inaicutor sp"";es irrrni 
-iirs

lrends ideally provide a surrogate measure ofenvironriental quality rhat irr""tr irr" ui"r"gl}
community and environmental cotdition. This monitoring striies to crtu*"t..ir" *" 

".oi-ogi"urcondition and trends of watersheds and aquatic ecosy,steris on the Tongass Nationat poiesf ineproposedrnonitoring attempts.to respand to the folrowing basic questio"ns, L th" i;;g;" '
National Forest Plan maintaining or restoring aquatic anJ riparian ecoryrt 

^, 
ro oerriJ

conditions on Tongass Narionar Forest lands? Are popuration trends roi MIs and their
relationship to habitat changes consistent with exoectations.

General Design

Thisproposal lbll^owq the approach established for the Aquatic and Riparian Effectiveness
Monitoring Plan for the pacific Nonhwest Forest pian laREMn) with some modifications.
Much of the narrative and many of rhe figures and tabres contained *ithin thit p;;;;i;;
directly quoted or paraphrased from the AREMp General rechnicar n p.n rNiv_brn-slr
The monitoring will look at the aggregate ofvarious physical and biorogical indicators toevaluate watershed condition. To.be meaningrur, u *tnitoriog program-shculd provide insightsinto cause-and-eftbct relations between enl-ironmental stressors and anticipaled^ecosyslem -
responses. 

_A 
primary step in developing an effectiveness plan is to recog,rjize tir" Aoi*, tfrutinfluence the parameter of interest. An overvierv of the conceptuar ,noalr r* *" uquuti" *ariparian ecosystems is showi in figure 1. The conceprual *od!l illrrour"r,h".;;;;;i -

fundamental warershed processes, as influenced uy intterenitands.up" putt"-. oi"ii*"ilgeology, topography, and soils, to natual and human-caused sressors.

Three physical subsystems (upslope,.riparian and flood plain, and stream channel)
and related biological ccmponents wi be monitored. The processes occumng in the upsrope
subsystem {i'e., in the watershed in general) are assumed ro affect the ripari",i*a nooi-pri,
subsystem and the stream channel subsystem. The riparian and fiooa-pUin sutry.t;;;;varllg degrees, bufl'er upslope in{luences on the stream channel subsystem. su** .rr"*"i-*oriparian and floodplain su[s]'s16ms are coupred (i.e., influences are ui.ii*"tronarl .; 

"tung"; 
inrates or states associated with the processes and slressors in one of these subsystems *ili- - -



usually aftbcl the linked subsystem (Naiman et al' 1992)'Jn contrast' the influcnce of

*" rp"f"p. ."Utystem on the llood-plain and riparian and stream channel subsystems

i.-*Jr",irongry unidirectional (downslope). The in{luen{re of riparian and-aquatic subsysrems

;;;.d;d;sses is assumed to be nearlv, but not completely' negligible'

Processes pertinent to aquatic, riparian, and upslope ecosystems affected by the Forest

pi* *".rro*" i" figu.e 2. p.ocesses are grouped into those that describe general ecosystem

function, wirh related key pfocesses usefirl foidesigning the monitoring stlategy. These key

processes are further developed as indicators in table 1'

Asuatic and terresrial habitat development and the populadon dynamics of aquatic and

ri|';;;;;";J",rp u ,", of proceises that provide a conceptual link between the

pivri*t *O uio,ic ellments of this monitoring plan. The model depicts habitat development

*'th" .o*porit. of the ecosystem processes listed' Thus' habitat development

*Jp"p"r",i"" or community dynunli.rrr* shown as fealures that integrah general and

t.." i.orurt.. processes in the sueam channel and riparian/flood-plain subsystems

i.ii fi;tl*li, hauitat distribution, diversily, complexitv' and temporal and spatial

.oio*.tiuity 
"o*prise 

a composite of habitat development as affected by natural and

human-caused ecosystem stressors'

An integration ofprocesses and stressors provides the functional telalions critical to developing

"""".pi"J-*"aOs 
for monitoring (Noon et al' 1999)' Specific aspece of each ecosystem process

have been identified as stressors ihat affect the three subsystems. Although natural and !ymy-

"uurJ 
*.r.o., *e often difhcult to distinguish in practice, the model lists examples of bath

i.,p"r. n f-.pl"g with the effectiveness monitoring stralegy' stressols are intended to be value'

;ll.,iJ ti r., irr"v can be either positive or negativJlike roads. whieh represent both road removal

and construction).

Upslopesubsystemindicators-UpslopesubsystemindicatorssuchaSvegetationcomposition,
#ui iruga, road densiry and percentage of cover-reflect pmcesses influencing the entire stream

n.t*ort"lNui** et al. 1992j and are relevant indisalors over the entile

*ut"rrn"A. Data can be gathered largely by existing imagery and ATcGIS'

Rioarian and flood-plain indicators-'Riparian and fl ood-plain subsystem indicators

reJ;;1;;;;;.r'd"tiu..ing structure, sediment' and nutrients to stream channels

;;* ;;;;;,; spatial scal"es, and they require finer scate analysis and grearer initial

t.*pfu i*.ti,:l ior validation than do upslope indicators lt is suggestea tn* lp-qT .

indicators be measurcd throughout the stream network, which includes pererrnial' fishbearing

* *.fi * p*t"*ial nonfish-b-earing and intermittent.sfeams' Although materials

O"fir"iJ iy ;p.ian and flood-plat subsystems initially.affect adjacent stream reaches'

*rcy atso ifect the condition of do*tt,tt"u* reaches (}{aiman et al' 1992)'

In-channel subsystem indicators-ln-channel indicators such as residual pool frequency volume

anJ a"prrr, particle size distribution, and large woody debris-count will be measured al the reach

.J". in_"r,*""r subsystem indicators will be measured within 8 stream sections in each

watershed. Four of the measured steam sections will be in the upper watershed upstream of



barriers impassable to anadromous fish ;rnd 4 will be in the lower rvatershed rvithin anadromous
habitat.

Landscape template
. Geology
r Climate
r Topography

Disturbance processes

Figure l: Oyerview ofthe conceptual framework
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Table l-Core indicators by ecologic proce$ with preferred measures and data lields

Watershed
Subsection

Key Process Indicator Protocol Evaluated Data

Upslope
Sutrsvstem

Vegetative
succession,

growth &
mortality

Wood
Productlon and
transport

Vegetation
seral stage and
series

Cover by composition
and slructure class

Proportion of
watershed in
early-mid, and
late serai stages

Soil Cycle
Sediment
production and
ransDotl

Stream
crossing
density

Density of stream
crossings per square
mile

Density of
stream crossings
Der square mile

Soil Cycle

Sediment
production and
rftmsporr

Road density Lenglh and proportion
of road network
hydrolcgically
connected to the
stream channel

Miles of road per
square mile
within 300
meters of streams

Soil Cycle

Sedimenl
production and
transport

Landslides Protocol from
Swanson addressing
frequency, typs, and
location

Frequency, by
t)?e, size and
location of
landslide

Riparian
flood-plain
Subsvslem

Vegetativ€
succession,

growth &
mortality

Wood delivery,
community
structural

development

Vegetation
seral stage nnd
association

Cover by' composition
and structure class

Proporlion of
watershed in
early-mid, and
late seral stages

Soil Cycle
Sediment

production and
lransDon

Stream
crossing
density

Density of stream
crossings pr:r square
mile

Density of
strean crossings
per square mile

Soil Cycle

Sediment
production and

ransport

Road density Length and proportion
of road network
hydrologically
connected to the
stream channel

Miles of road per
square mile
*ithin 300
meters of streams

Soil Cycle

Sediment
production and

transport

Landslides Protocol from
Swanson addtessing
frequency, t)'pe, and
location

Frequency, by
type, size and
location of
landslide



Table 1-{ore indicators by ecologic process with preferred measures and data fields
(continued)

Watersheel
Subsection
and Process

Key Process Indicator Proloeol Evaluated Datn

h-channel
Subsvstem

Channel
structural
dynamics

Sediment and
wood delivery

Channel cross
section

Monumented cross-
sectional profile

Bankfull width
and mean depth

Channel
structural
dynamics

Sediment and
wood delivery

Channel
movgmgnt

Monum€nted channel
longitudinal prollie

Water surface
slope

Channel
structural
dynamics

Sediment and
wood delivery

Channel
sinuosity

Srream length,/valley
length from aerial
photos.

Stream
length./valley
length

Channel
structural
dynamics

Sediment and
u'ood delivery

Channel pools Sun'ey of residual
pool volume, deplh,
and frequency in
sample reaches

Pool depth,
volume and
frequency

Channel
skuctural
dynamics

Sediment and
wood delivery

Structural
complexitv

Survey of LWD
counls in sample
reaches

LWD comts per
lineal measure

Channel
structural
dvnamics

Sediment and
wood delivery

Substrate
composition

Wolman pebble count Percentage of
fines and D50

Energy
Exchange

Heat delivery Water
Temperature

TemDerature recorder Water
temperatule
change

Hydrologic
cvcle

Water delivery Water quantity Stage recorder Discharge
change

Biotic
Community

Biotic
integrity

MIS species
density and
condition
factor

Removal method
using minnow traps in
closed system sadple
reaches

Species density
and condition
factor change



True rvatcsheds (6th-lield hydrological unit) forms rhe basic geographic unit lbr monitoring.
Fourteen watersheds will be sampled over ar 8 year period. Two of lhe watersheds will be
samplcd annually (Fixed watersheds) and l2 watersheds will be grouped into four separate
panels (Panel watersheds) of3 watersheds each and sampled on a rotating basis once every four
yean (table 2).

One of the annua.lly sampled watersheds is within an unmanaged condition cunently and into the
perceivable future while the other will be representative ofpast, present and propo."d fut*.
active management activiries. The annually sampled fixed watersheds will ailow for the
assessment oftrends more rapidly as well as provide information on naturat variability.

The watersheds sampled on a rotating panel ba;is will ideally represent the ftrnge ofecological
conditions and forest management across the Forest. The relativlly small sample size will"not
allow for extensive stratificatiorr.

Tsble 2-Number of

Selected watersheds have populations of 1) resident Dolly Varden char andlor cutthroat trout
upstream of impassable and permanent barrier(s) and coho salmon young-of-the-year and pan in
downsheam sections. Four resident fish popurated stream sections and fur 

"or,o 
popurutJJ-

stream sections of approximately I00 meters in length will be sampled within each oi the 14
selected watersheds.

Sample reaches will be in FpO, Fps, MM0, or MMS channels (see channel rype Users cuide
for description). Tlese less constrained, lower gradient (<6%), smaller and mosily alluviat
channels support relatively greater_numbers offish. contact a greater area of the fiood-plain and
riparian area, these reaches generally have greater variation inLd and bank materials,
hydraulics' and therefore habilats, and they are considersd to reflect rhe integration oiupsrream
u'atershed process (Reeves et al. I998).



Sincethelakesprobablyprovidequalityover-winteringhabitatandarethoughttobelift]e
affected by fbrest management, wi b"lieve ttends in fish populations may be less likely in

,t 
"u-r 

.o**"t.d to lakes. Therefore, selected sample stream sections will ideally not be

associated with lakcs

Methods for Fish Population tsstimates:

Resident Dolly Varden, resident cutthroat trout and juvenile coho salmon will be monitored for

population trentis by repeat population eslimates in permanenlly marked closed reachel 9f
iirlun _ e ,t r.opar. ro fou. pass removal method using minno'r' traps baited with disinfected

*lmon 
"ggs. 

f"*porary bloik nets will be deployed on the upstream and downstream ends of

iir" ,u-pi"'r.u"tt to restrict fish mcvement while sampling' Previous experience indicates that

benveen 25 to 50 minnow traps are requircd to salurate the reach and allow for adequate capture

rares.eppendixeprovidesapublicationcontainingmoredetailontheremovalmethod'

Natural obstructions, like shallow riffles or small waterfalls over large wood. should be used as

il;r;Jb;;;uounaa.ies for the study reaches. Where possible. these natural obstructions

should be relatively permanent to increaie the probability ofpersistence for the life ofthe

monitoring project. in any case, the ends of tle selected study reaches should be permanently

**f."U. ftlaf tugs nailea 19 1rees are recommen<ied as permanent markers. Surveyors flagging

and notations on ierial photos are suggested to help relocate the metal tags. CPS coordinates

will be recorded also to relocate study siies'

Mirurowtrupsshouldbeserforapproximatelyl'5hoursatwhichtimeallcapturedtishwillbe
transferred to buckets. It is suggestecl ttre buckets have holes drilled in the sides and be placed in

the stream for water exchang" ii k*.p th" llsh aerated. The traps should be rebaited and reset for

another 1.5-hour period. while the second set is fishing fish captured during the first set should

b" p.o."r."a. T6is can be repeated for three to four cycles. Data collected for each set should

inciude the number of fish captured by species and their fork lengths and lreight' The 
.

,""o**"naea anesthetic is MS-222. all captured flsh will be released unharmed within the

reach of capture.

Popuiation estimates and associated confidence intervals $ill be determined using cAPTURE

software program (White, 1978)'

Milurcw rrap funnel openings will be enlarged ifnecessary and maintained at a l" opening size'

Ofning, "itt 
ul.o be coatel uith silicone io avoid the possibility of injuring fish upon entry into

the minnow traP.

Fish capture will occur during the morths ofJune through August and sampling will not be

oompleted during high flows'
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Appendir A

Estimating Fish Populations by Removal lvlethods with Minnow Traps in soulheast

Alsska Stresms

M,rsor D. Bnv,,tnr*

IJnited Stags FbrcstSenice, Ptlcifrc ,otthwest lles.drch Sroion.2i70 ShNruaad lane 2A. Juneat^ Alaska 9980l US/1

,{tlit 4.r- Passivrj capbre melhods, sudr ss minnow tlaps, 3r€ commooly ustd t0 capturc fish fol nBr*r€capture poptrliulon

oslimatdJ; horcl'€r, the} have not bem uscd for removal m€thods Minrlo\v trqls se! for 90-min petiods dunng thr€€ or fol,l sequentlal

a"pri" *a*ion. during the summer of t996 were us€d 1.' capure coho selmon o cerhtnclrus ,ituch fry and pan'. Dolly varden

Salyelnrs nalna. cutthloal tot' O. c!.rki. andjuvenile sreelhead O. r,)'lr$ to eslinrale population :ize wilh the Zippin o. Bg|reralized

?emrval meihod. Mor€ than 4J96 ofthe total carch \ras obr.tred during the 6rsl caplure oc.asiofi, snd in mosr ctses. the cltch during Oe

fbunh occasion *as kss $an lJ9; of the totgl cslch. ln nrost pools, rhe probability ol ctPture ttar gre$ter than 0.4 bui !€! lolfst fot

coho sdrnon 1ry- than lor coho sirlmon psrr ard othEr specicJ- M!'!n population estimalrs lor coho salmon patr made wrth concunenl

n1"rl-,ecaptur. und *novd methods difitred signific,lntl! in smalj saeams. Eitimales from ma*-recaptur€ and temoval metilods \4ore

not signifirantly different for coho salmon lry aid Dolly Vsrdcn, bul m4..k-re.apture cstinrates *ere hiBher than removal cttimrtcr in

most cases. tl,ty resuhs shos that remorsl esiimatts csn be obtaiied ufl minnow trsps if sanpling pro{tduas conlbrm to $e

aisumllions rcquired lb{ lht m€thod.

Obtaining p.ccisc lrd accomte estimates ol fsh
abundance in stre?lns continues to challenge lishery

biologists, despite the development of sophisticated

malhematical fiodels. Commonl-v- used methods

include ma*-recapture e)iperiments {Rickfi 1975;

Zubik and Fraley 1988) and rcmoval cstimatcs (Mor8n

l95l; Zippjn 1958: White et al. 1982)- Though snorkcl

surv€ys are also used to estimafe fish abundaflce

{Northcote atd Wilkc i963: Schill and G.itlith 1984;
'fhurow 1994), thqy require a separate csiimate ofthe
populalion to caiibffile the counts (Hankin 1986).

Mathematical mndels for bolh mark{€\capturc and

rf,moval estimatss are well-tested, but present

substantisl logistical ch{lldlges to med thc

assumptions.
l\,lark-recapluc estimates are commonly used in

sourheast ALasla and elsewhfic to ustimnte populations

of juvcnile salmonids. mosl commonly coho salmol

Oncoryhnchus ilslrci arld Dolly Varden Sa/rc/inas
zualrza. in smalt ( 4-n-widc) sccond-to third-order

strcains (Elliott end Hrbarn 1978: Doiloff 19811

Brysnt 1984: Youn$ et al. 1999). Sampl€ reaches in

streams wid!'r than 4 m and with highet va&r flou's iue

dillicrllt to isolare. Md mark-.ecaptute mcthods aie nol

reliablc beoarrse ofmovement bet*€en 5ample periods.

High llows, common it soulheast Alaslia. slso afiacr

movcment a.d catchabiljlv bctwecn sample perl

* e-mail: ndbryant(rtii.f.il.us Re.cived Apid 12, l9})l

acce$ed Match 30,2lxl0

ods. Rcmoegl methods ot snorkel suneys are often

used in these slreams, 
'ct 

oven these methods are

limited. l-o\r conducliviry- and patches of complex

habiEi *ith large woody dehris m6l. lhe rsmoval

metlod of elecrolishing iopta{tical. Snorkei suneys
al\o arc inllrrct;cal becausr of complcrr hahital and

poor visibility in thc dark 
'vatqrs 

ot mal)" southcast

Alaska strcams-

Reftoval methods have s€vtral advsntages ovcr mark-
recaptur€ methods to eslimat€ lish nutnbets- Fish are

caplured only oncc. which eliminales tljal due lo
b€hayioral rcsponse$ ta a tr!p. fish do not necd to lte
marked, wbich removes assumpaions that all marks are

idcntilied and $at negligible moflalily occurs du€ to

fiarking. The skeam scctjon can tc sumpl€d in I d
Fhich sutrsrantially reduccs the pmbabiliry- of
movenent by fish inlo and out of the sample area in

cascs io which lhe stream section carltoi b€ isolated for

tie duration of the mark-tecapturc sequenca ln
addition, a ld sampling effon simplifies logistics for

thosc lociilio s that are dimcu! to reach and eliminatel

ary differenccs in samp)ing emciency due to changq\

in flo\{ regimes (i.e., high-wslet events tlut occur atter

marking and helbre or du.ing recapture).

Pa-ssive cdDturc methods are commonl! used for .nark-
recapturc expe ments but arc seldom used for remoYal

estimates. Mitno$ rmps bajtcd with salmon elgs arc

sn elTcctive rnethod tbr caluring -iuvenile salmonids

and have b3€n used in trumer

923

l0



ous studics throxghout sourhea$ Aloska {Bloom t9?6i
Ellioft and Hubam 1978; Dolloff 1983; Br-lanr lggj).
Minnow t.aps havc not brxn used for rcmoval
Jropulation esiimstes but hale sevcral adrantages over
cledrofishing: &e) arc lcss hrrmtill ro rhe trsh, disrurh
th€ sream lesii, caa be used elncientlt in compleK
habirat\ and ffs not dependent on thc water chernjstry
ol'the slrcan (Mesa and Schreck 1989; Riley dnd
Fausch 1992; llollender rnd Carlire 1994i lfaber-d €r
al- 1996; Reynolds 1996). Altholgh mirrnow rrdps are
not eff'ectiye in riflle or fast-water hahitaq they ofJtr a
lcss-intrusive altemative to electrollshing jn streams
nith pools or slow-moving watet. llowcver, their use
as a r€moval mcthod fbr population estimates h&i rlol
been studi€d-

I,ly purpos€ is to delgrminc jf otjnno*- r.aps can oc
used as a removal method to estimate populdion sizes
of lish in streams. M,v.' ,irsr ohjectiv€ is to delermine if
minnow tfaps capture a sumcient pan ofthe populalion
on each caplure occasion 10 estimate ooDulation sjze of
juvcnile salmonids using a removal method and to
examine probabilities ofcapture jn nalural streams. My
second objeqive is !o ddteaminc if concurrenl mark-
recapture estimates asd removal estimales th.oueh lhe
us€ ofminnow traps diller signiticartiy,

Methods

The study \tas conducled on rive small second-lo
lhird-order sheams, Conve cncc, picnic. S{itz€r.
Twiw, and Tye crgeks^ and thrcc mcdium-size fourth-to
fifth-order strearns, Painted. Sal. iyrd Trap creeks. in
south€ast Alaska duing fte summer of 1996. Tle
smail streams wer€ all lcrs thsn 4 m in bdk-full width
arrd had summer mean fforvs ofless than 0.5 mlrs. The
medium-size stlearns $ere greater than .1 m but less
than 30 m in tank-l'ull widlh and dmined into salt
$aler. All streams supportcd populations of coho
sdmon and Doily Varden- Satlhead Onchorh,vnchus
mj/tJbs and cuttbroat trout 0. clar*/ wcre found in somc
streams attd werc not sympatric in aty stream that \rya,j
sampied. Coagtrange sculpins Colftlj qleuticus eiere
occasionrll,v caprurcd but not ircluded in the estirnates.
Thc three mediurn-size streams u'sre sampled with thc
rernoval estimalc only- Concurant mark-recaoture anil
remoral experiments \ ere cumpletcd on all fivc small
strcans.

lvlark-iecapture and remoul melhads rcauire clos€d
nopularions: therefore, sample reaches \}erc selcgted to
minimize €migrdtion or immigation dlring the s3rnple
psriod. In the lile srnall streams, $c sample reach{}s
raoged ftom l0O to 350 m arld $er€ bloct€d by ners,
*ti$. or b$riers sl both ends for thc duration of thc
experirnen! usually 3,4 d. ln the three .nedium.siT-e
str€ams. nets colld not bc uscdl naluaal barrien were
us€d to isolate tie resch and pools within Ihe riach.
Tlese includcd lo,rg, sballow rifles ( 5 cm dcprh) or
submergcd logs thal fuJl1, sparncd thc stream, lbrming
q dam- t\tilc complet$ isolation was not achieved. fish

moveficnt across these barricrs \!as not obsEned
during sampling, whigh usuallv Isted no longer than g

h at each sitc.
'Ihe remoral exprdmen was completed jn I d on cach
mrdium-sizc strEam. fhrEe c€pture occn\ions t+cre
uscd in Painted Cresk, th€ first strearD sampled *irh the
renoval method. four capture oc\casions were useo on
'Irap and Sal crecks. Reaches ranged in length ftom
4b0ut 2{,0 ro 300
m. lndividual pool! nerc idenlitied and countBd in each
reach. At least 50% of the Fools were mndomly
relected and populaxion qrtmatcs were computed fbr
lish in each pool. The siip olthe pools ranged fron 9,7
to 1380 m- tle average sire being 28S m'. One io thrca
pools were sampled c.oncunently, dcpcrding ulon their
size 8nd complexity. Once a pool was selecbd, sample
locations for thc minnow traps (3.2-mm mesh size; 19
cm diarnet$ and Js.J cm long) wcrc selected.
Oistanccs be1l'een traps depeoded upon habitat
complexit),, bllt g{rncrall,v raps lrerc s€parared b}
abolt ? m. Traps rtere sei n]ore densely in complex
hat ilats {i.s., Fools with large amoilrts of woody
debris) than in nore open pools. BeNeen ,10 and 50
traps werc sa't for each removal expcrimcnt.
Traps \rere baited lvjrh salmon cggs (disidccted for t0
min with l:l{)0 beadyne to water solurion) held io
perforared "whiilpaks." lraps werc set on ths strcarn
bottom ncxt to susp€ctnd habitat ofjuvcnile salmonid\
such as *oodl, debris, footweds, or underpu( banks, but
wffe distribured to complerely snmple the pool. 'liops
were lefl undisturbcd lbr 90 * l0 min and then were
picked up in the same order in which they tvere set.
Fish were remolgd. and f'resh bait was plaoed in each
trap. Tmps lrene set again in the same locations. l.ish
ftom ealh pool and capturc occasion wefe paocessed

sr'parately. While rhc sccond sct was tishjng. the lish
frorn the first ser were identilied, counted measured
(mm). and wcigt'ed (ne est 0.1 g)- Dqra from each
capture occa-rion were identifird by numher ( l, 2, 3, or
4). iach of \yhich idcntifi€d the captur€ occesion. The
proDedurE was repeatcd rhreg to four times. depsndintg
upon rhe dcsircd rumber of capturc occasions. Fish
from each capnue occ:lsion \,!-ere placed in r halding
net

il
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(or blackcd minBow ftaps) until the last captulc

occasion \{a! completcd, tt *hich time all fish wcre

retumed to the \ame area ftom which thcy $ere

caDtured. PoDulation sizs ttas estimatcd tbr each

species in each pool. Coho salmoo werc clsssilied as

fry (agc 0) or parl {agc l+) based on analysis of
lengrh-frequenc]- data. Coho salmon wert considered

to be fry ifthey were less than 50 mm in June, lcss than

55 mm in July, or less than 60 mm in August

The same procedltls lor the removal cslimalc in the

medium-siz-€ sffeams were used in the small slreams

during the coocurrent mark--rccapturc and rcmov4l

rxperiments- Satnplc reaches, vhich wcre 100 to 300

m long and ranged in ffea from 68 to 274 m-, could be

easily sampled with 4{}-50 rraps- The entire rcach wa.s

samplcd during one q\pcrilnent. and Fupulation Jire

was estinated for the c[tirc r99ch' All fish *'ere

narkcd during four capturc occasions in thc remoral

estimatc. *hich scrvud &! lhe mark sarnFlc in a singlc-

census Pstetgon mlrk-recapturc rstimate dalcnnined

by the Chepman modification (Ricker 1975)- Il|c

recapture sample lvats completed dutiDg ong capture oc-

casion 3-4 d afler the fish rvere relea.sed. All fsh ucrd

idertified b,".' sptcies alld mea.'iursd. Recaplured ma*ed

ish weft aioorddd-
Removd estimates and probabilities of capture (P')

were computed b! the capture program (While et al

19112), lf four capturc occaslons qer€ used. populalion

size sos estimated h) lhe SencraliTed removaLrstimute

in Lhe caplurc proltram: boLh equal P. i:Lrnong occasions

and unequal P. bel'*€en the first and subsequ€nl

occasions. The prograln also tssted whdher A tlils

constant. baded or a chisquarc rcst (0=0.0J). f}lc

Zippin m.thod, which assumes equaL probabilities of
captu€, r!a-s used for Painted Caeek where thrce

caplure occnsions \rcre compleled.

A paired t-test (0=0.0J) $as uscd to conrpffe the

probability ofcapturc fron] lhe fitst capture occnsion lo

subs€quent caplrrrc occa.sions in pools where a variable

probabilit! of caplure was used 1(| estimate

populatrons. A pairtd l-test lH)(15) \'va< also used to

examin€ Jiftircnccs in population cjtimatcs and

probabilities o1' clplule bete-cen three or lbut coplure

occrsions ibr coho salmon jiy- coho salmon parr, Dolly

Varden, qnd steel'head. Estimalcs from indilidual
pools that had valid eslimates fot fbur capture

occasions vere us{d as lhe samlile utit. Estioranit for

three capture occa5iods \Yere made by recomputlng tnc

lir$r lhree caFture occasjons liom estimates l'lith fbur

captufe oocusions.

DcpletioD atd mark-rccaplure estimatcs flom reaches

in the ljve:mall streafis werc compared b) a paired,-

lesr ({H.05), Thc lest was cornpieted separalcly for

coho s{Llmon fi-'-. coho Salmon paII. and Doll} vardcn

CLrlthrcat ttout and sleel_head wcte ol capiured io all

strcams and werc not includcd in the Bnalysls

Normaljt]' and bomog0neiry of vadMcc rlas testcd

belinE use oflhe l-tests {SAS lnsti$te 1988).

Rasulls
Remo,ral fstimates

Abundance ol poho salmot parr \,r45 eJtimated ior 47

pools in Paint€d, Sal. and Trap creeks Eslimates r}ere

not comoutcd {defined as "failures" by thq computer

progBm) in thtec pools for coho salmon fry and Dolly

Varden whcn less thar l0 lish wcre caught during all

capture occasions. for two of the pools, t'ailures

occured rvhen more coho salmon li1 w€tc callght

L.lurinE either thc s-ond or third cdFlure occation ihan

during lic fini1 capture occasion. For the third pool, no

Dolly Varden lterc captured duting lhe first two

laplure occasions, 16 $ere captured during the thinl

capturc occasion, and 3 r}src captured during the fgurth

capture occasion. Sleclhead werc captur€d only in Sal

Creek, and 3 tbilqrcs occuned o t of the l0 pools

sampI€d.

for all species, more rhan {5yo ofthi total catch jn all

rcaches of Pajntcd, Sal, and 'Lrap creeks were takcn

during the firsl capture occasion (Figure l). In mosl

cases, the number of fish captLred during the fourth

capture oc4ajion l}ils lei-s than liyo of the bral carch.

For all species excepr coho salfton fry, lhc probabilit!

ol capturc \4 as Frealcr lhan 0.3 lor al least 8fF/o of thc

Dools samplcd rvhen it was a.ssulned conslarlt for all

coptute occasions (Figu.e 2). Probabili$ of capturt

\^ar grca@r ftan (J.4 ln mor. that 90oo of the pools tbr

cullhroat lrout and stcelhead. Coho salfiqn lr]a snd parr

had the loivsst probability of ,rapturq but more than

50-9; of fie fools erc!.€ded 0.4. ln most cascs.

howcver, subslantially fewer coho salmon fr-v and part

wcre caught upon eEch su&essive sampling occasion.

c\cn $ith Io$cr probabilitics of capturc. for examnlc

in onc pool. 123, 95. and 5l coho salman fry werc

caplured during succ€ssive capture occasions- The

IJrot abiLity of capture caicllated to

0.144. The 95% confid€nce interval ranged f'rom 124 to

4?2 Ssh around lhc tr)oFulalion estimale of 174 fish.

While the lower probability of caFlure r€sulted in less

precjsion, the lorvsr confidence intcwal wLs within

l3oi and lhe uDpsr confiden.e inteF'al *ithin 269/0 of
the estinrai€.
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scleclgd for Doll' Varden and stcelhead in all pools
ofsal Crcak (Table I). In Trap Creelq lhe constanr-
probability-oicapturc (nodol ivas sclcctlt for Dolb
Varden in 8l-q" of the pools. A variabie-probability-
of-capture model was uscd to cstimate population
size for coh! salmon fry in fivs pools. far coho
s$lmon parr in €ight pools, and fbr Dolty Varden in
lbur pools. Only tbr coho wlmon frj rvas tie
probabiliiy ot caplure significanrl,v greater fo. lhe
first cspture occasior! than for subsrquent caprurc
occasions (Table ?).
Population eslimales arld probabilitirs ofoapture aor
thi:e sample occasions werc generally lower than
thoss compated for fo!. sarnple occasior$ {Table 3)-
Population cstimatcs for three and four capture
occasions were ligniiicanlly diflcrert lor coho
salmon parr (P:0.013), but d;ffcrences werc no!
obsened for population gslimates of coho salmon
tr) dnd Dolly Varden. Differences betweeo the
probabilities oi.apturs lbr tltfte ard fbur caoturc
occarjons w$re observed for coho salmon Sy. coho
salr.on pan, and Dolly Vardcn. The p.obabiljties of
calrlure for lhree caplure mcasions were greater than
that cstimared fbr four caplure occasions (Iable j),
Thc population estinates or prob&bilities of capture
for steclhead wcre nol signi6cantl) diffqcnr
between thGc nnd lbur capturc o{.asions (Table 3)-

Mark Rectpture and Remova! Eltimares

Comparisons ol poputation estimates for the two
mctiods showed mjxcd rcsllts among species. but
generally estimales from thc mark_recaplure method
werc hjghq than thosc from the rcaroyal method.
Mark-rccapturc and rcmoval eslimales *err
sigrificandy diffcrcnt for coho salmon oan fp
-0.0191 but werc nor significantll diftricnr for
D{}lly Vardcn and coho salmon fi-v (Figurc 3).
Mark--iecapturd qstimates uere highcr jo all striams
and lor all species except coho salmon fry in Tlvilv

C.cek and Doll}.' Varden in picnic Creek- ln both cases,
removal estimatqs had wider conlidincc int€rvals thafl
lhe mark--.ecapturc estirnatcs. Rcmovsl esimates for
both streams had loly probabilities of captu.e and a
higlr numhcr of lirh saptured durin8 lhe final caprurc
occasion,

Discussion

I'robdbilitjes of cspturc werd gencmlly higb, and in
most cases. 50-65yo of the population lras captured
during the firsi sample occasion, llo$ever, eve! with
high probabilities of captu& underestimation of fie
populalion may be a problem be

,-.."icor t

i- o- cop,
i-o- cr
j'. f . -01,

,1r.r r psf p|..t paarrl

C$trI{ Occeson

FIGUnE l.-l'he proportionofcohosalmontb(aDf ), coho
salmon pan (COP), Dol ly Varden (DV), cufihroat Fout (C D,
and sreelhead (SIl) caprur.d during €ach c€pturc occasrdn In
Trap. Sal. snd Panled cleeks for thc rcmovrl cxDcrimenr in
southeast Al6ska, 1996

In Sal and Trap creets, both ofrvhich had four
capturo o@asions, the crpturc progmm comparcd
constant-capture prqbabiliB.' and variable-capaurc
probabiliq'. In most pools. thc prob4bililies ofcapture
were congtant. Ihc constanFprabability-ofcapture
model was selectod lilr al I speci('s in 8t_e; of thc poois
in Sal Crcek and in 919,0 ofrhe pools in 'lral Cre€k
(chi-sqo8re. 0-<i.05; \,Urite et al.
1982). Thc constant'prubabili!--of:captue model lvds

l)
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cause ofdjtlerences in probobiliries of captur€ bet\rccn

sarlDle occasions (Rile]' and Faus*h 1992)'

Underestimaiion \tould occur if thc Probabilit"v of
capture was higher during thc first sample oocasion and

lo*€r during subsequen! sa&pling occasioos {Riley
and t'ausch 1992). The biar can bc accounted far ifthe
diffcrencei bcl\*ccn probabilit) of caplurr can bc

dclecrcd during the estimation rhrough the use of lbur

cdpture occasions and the gcnemliz€d removai method

(Whiie et al. 1982). Results from this study agree with

&e recommcndalion of Rilct atd lausch (1992) that

four capture occa-sions be used ibl lemolal cstimales

whenerer possiblc.

Riley and l'ausch (1992) and the num€tous studles

they cite repon dccreasing catchabiliry* aller lhe fiIst

caDrure ocul5ion duritlg elrctrofishing 8nd lu8Scst lllat

it is imporhnt to mainlain equal dflbrt among all

samples. Hovdver, not only does the Process of
elcctrofishitg impose a considcrable

TAsLr L-Percenl oi pools D'ith conslanl and vanable

trobnbililies ol capNte ior coho salmon fil, coho salmoo

;arr. Dolly varden, and sleelhe3d caplurcd in two saeams in

southeast Alrska, 1996.

Tr?e of prob{biliiy Cono sahon
Prtt Frr DollY V&ies

j

dislurbancr upon lhe strea$ and influencc ish behavior

durin! Jubicquenl sampks hut it alsu imposcs a

physiological respons€ in iish that influcnces behavior

on thgsc that were lhocked bul not captuted duing the

first arl€mpt (Mesa and Schreck 1989). Minnow traPs

are a possiri capture method and impose a much lower

degree 01' disturbance than eleatrofishing. Thit
climinBles the effects of distutbanccs if care is used

$her lh€ trsps are set and r$tricved.

Regardlest of the method used 10 caprurc fish-

a.ssumplioos of removal estimatcs must bc met t]|at

include isolation of the sample area during the samPlc

pejiod. Rccruitnent inlo thc s€flpls arca during thq

estimalc will resull in an upn€rd bias in rhe estimalel

ho\Ncrer, recruitmcnl r*as not observed in study

s!'ctions of thc lalger streams during 6-7 h sample

periods. Ii$e pool eithin the

TAsLE ?.--Conpatisot (paired t_l.sl) beaween probabilities oi
caphfe (P.) on ntst and subsiquenl caFure o.casj(ms in Fxrls
*here a variable pr$babili$ of caPtuIE vas us.d lo esllmale

populations for ooho lalmon rrL and pa.r and Dolly Vatdtn in

t{|o st'tamJ in sotth€asl Alaslia, I !E6.

fi.sr 5lbsequ6t
Sper$ !.pl$e tnttl€s df f
C"lt" *l-* 0 5?3 0 0l
t^8dDnll! U5rl 010205lb 41 U85

Varacn Lr.ll5 0 2:r'l 1 00n

0.8g ^-
oct -^
E uo
c na
E ^/
at
P 0.3

''':_:; I

...-.DV
-+-sH

0.1

0.0
>0 >0 1 > -02 >03 >04 >05

Prcbeulny ol crptt|ro

FIlilR-El--The.elalionshi}bettwenp'obabi|it}of!?plureofa|l6Y€species3n.l$enumberofpools€xpr*sedasaFmponionof
btJ';fs $".pl"d in 

-trap, 
Sal. and Paj;ed cretlts for the romoval erperiment in e]rrlheasl Al&sk3' i996

Sat CEk Cdsltll t8 80 LoO
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T^sG 3 ---Comparisotl lp.jred r-iestj be$€en l-ssmple and 4{ample remo\,'sl eslirhates orp$pulslion and probabiliiies otcaflure for
coho salnron ii} and parr. Dolly Vatden. and sle€lhead in I rop &td Sai c.eaks. southeasr Alaska. I 996.

Mc& popul,llon dlidao lnumb(r offirh)

thrc
Mear prcbabilir) of crprr.

reach is nol
saturated
\4rrn trap5-:E;;
fish ftorn satoon

wifrin t|1e r.r r,.
poql may

be r€cruited
into nearby hllr
traps during subsequ€nt sampling occasions. Evidenc€
of recruis-ncnt during thc sample pe.iod may be oh-
seryed qhen morc frsh a'e caprured in later sample
occasions than dudng the first or second sample
occasions. Effon should be nade to caoture the
greatcst number of fish fiom thc pool rrhilc completcly
sampling the pool and maintaining equal sampling
stTort among aapture accssions.

?424 J.2: 61 25 008?
00rl

0.519 0,t45 0.t0t
0 655 0.57.1 7

0 008
5

0.006

large nLrmbers of
juvenile

salmonids. They
also did nQl
rcqufe as many
traps as pools
$ith largc
rootwrds and

several sm$ller connected pools.
Although removal and mark-rccapture esri-

FrcuaE J.-[he comparison of population estiindes fton
firrx-'ric8prure and remcval methods by speci€s for five
small steams in soulh€ast Al6sk4 I9t6.

Minnow traps havs ph siaal limitariots rhat limit
th€ir use as a captlre me$od. Thcy do rot adequatci).'
$fiple rim. habitat: therrforc. the mcthod js limiied ro
porrl habitats. Stresn depth mlst be sumcient to
submerge the opcning of rhe trap. 'lhe ellective range
ot orientaljot Of bajted mjnnow traps has not been
syst.matjcslly tested. but trqrs are usuali) se{ parallel
to thc flow or in pools with minimal ffo1}. Extensive
ield exp.-yicnce in southgast Al&ska suggests thal
minnow tiaps nrc eflectivc a! a.adius ofst least ? m; a
downstream bia-s ma) extend rhe range dep€ndirg ot

900

coF cop Dv coF cop Dv coF c@ DV COF COp Dv coF cop Dv

Specles

flow' Complex habitats, such as largq dvrse debrls
jams, may require a higher dgnsity of faps than op.n
pools- Fish behavior and habitat plefsrences wjll
determine the distribution of traps. L{rge sqour pools
witli lihle cover and higb nows generally did not yiel{,

6 10o

o
b 300
ll
E

2z',
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mates in small streami were not sig itcdntly dilltrent ibr coho silhnon l'ry and Dutly vardcn. marL rccapturu nlEan estimate!

!,,ere l3-1796 greater tha,, lcmovtl mcan e;tim'tes. violations ol at least llvo assumptions, equll t,ulnc,obiliry of markcd-to-

unm{rked fish (trap-shy.) and greater morl{lity of matkcd fish could accou t lor highcr mark-recaplure eslimales Removal

citimates w€re oR€n lower lha mark--recapturc aslimales. Mahon (1980) and lr.'terson and Cederholm (1984) gcnerally

ariributcd lhis 10 ddcaeasing probabil;ty of caplutc upon successive capturc occasions Their estimatrs' however' were denved

ftom clecirofishin& and not by less-obtrusive methods, such a minnotl tlaps. The gener.llized removal proginm used a constant

probability ofcap;ure for all lire ofthe st.eams rather thd]1 a v?riablc Prohabilil,v ol caplure, wbioh suggests fie nrinnow tratls did

not affccl fi\h hehavior' -

Removalmethodshalesetera|xdvantagesovgrmalk''ecaptufemcthod\includingtheobililytocomple&samp|ingina
singledayandreqLriringfeweressumptions.Minnowtrapsimposelcssstrcssonfishthmelectofishing'thoue'hcaremustbe
laken when fish ale held for several hours, In slreams thal cannol be complelely blocked. the short€r time inten'al necded for |he

;rnoval estimale reduceii the probabiliry of moy€men1 and more olosely satis6es the closute assumption ftan is possible for

marh-recapture experimeats that rEquiae Several da-a-s bervecn the mtrk and recapture. The assumption ofclosure con seldomly

Ua 
"""n*pilatt*O 

in trrge strcams Birh grea{oa Jlow vslumes, bul shofi"tern movement cao bc redilced during a rsmolal 
''imate

through tire use of M;p1e reaches thBt are Scparatcd by naturally occuning-obslnctions- Mjnnow traps' carefully placed in a

stre; and leli undisturbed. are also less likely to disturb iish than during elicfofishing or seining when seveml peopl€ move

througb the strcam during each sanrple occasion. Minnow traps olTef an attractile altemative for conducling remoral esdmates

lbrju-venile solmonids. similar rnethods may be applicable to other spiciqi thaL arc surcerJdblc to passive caplure mcthod$
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